3-PART TINSSL WEBINAR SERIES:
UNDERSTANDING AND EVALUATING LM-79 AND LM-80
TEST REPORTS FOR SSL TECHNOLOGY

Day 1: Understanding & Evaluating LM-79 Reports
August 10, 2010: 12:00 - 1:30pm EST

Day 2: Understanding & Evaluating In Situ TMP & LM-80 Reports
August 11, 2010: 12:00 - 1:30pm EST

Day 3: Walking Through Examples of Real LM-79 & LM-80 Reports
August 12, 2010: 11:00am - 12:30pm EST

Hosted by the U.S. Department of Energy and Northeast Energy Efficiency Partnerships
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Northeast Energy Efficiency Partnerships @g

REGIONAL INITIATIVES PUBLIC POLICY EM&V FORUM NEEP SUMMIT
e —

ABOUT NEEP

MEEF is a non-profit organization that facilitates
regional partnerships to advance the efficient
use of energy in homes, buildings and industry in
the Mortheast U.5. MNEEP works to leverage
knowledge, capability, learming and funding
through regionally coordinated policies,
programs and practices.

A5 a regional organization that collaborates with
policy makers, energy efficient program
administrators, and business, NEEF is a leader in the mowvement to build a

cleaner environment and a more reliable and affordable energy systern.
[More]



DOE Technical Information Network @g
“One & Done” Connection to DOE’s SSL Work

« DOE's Technical Information Network for Solid-State
Lighting (TINSSL) increases awareness of SSL
technology, performance, and appropriate
applications.

« TINSSL members receive regular updates on
technical progress of SSL technologies, upcoming
meetings and events that address market issues
related to SSL, and outreach materials developed for
target audiences.

« Coverage includes:
— CALIPER
— Gateway Demonstrations
— Lighting Facts
— L Prize 3
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The DesignLights™ Consortium (DLC) is the Northeast’s premier resource for
high-quality, energy-efficient, commercial lighting design and information!

The DLC — a collaboration of utility companies and regional energy MEWS
efficiency organizations — is committed to raising awareness of the

benefits of efficient lighting in commercial buildings. Highlights

The Desfaniiahts Cohsortivm Qualified Products
List project was presented at the DOE 551
Market Introduction Workshop, July 20-22,

Philade{phia, PA

OUR SPOMSORS support and enable the efforts of the DLC, and through their
participation they demonstrate their commitment to quality and performance in
energy efficiency.

OUE MISSION is to help — builders, architects, designers, and commercial
property owners to implement improved design practices in all areas of the
commercial lighting market,

IR GOAL is to ensure that high-quality, energy-efficient lighting design
becomes commaonplace in all lighting installations.

EFFICIENT LIGHTING PRODUCTS + = SMART LIGHTING
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EN ERGY Renewable Energy

Day 3:
Walking Through Examples of Real
LM-79 & LM-80 Reports
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Three-Part TINSSL Webinar Series: Kelly Gordon
Jason Tuenge

Pacific Northwest National Laboratory
LM-79 and LM-80 Reports August 12, 2010

Understanding and Evaluating




Sample Submittal #1 ENERGY | 5o Eficiency &

Renewable Energy
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Sample Submittal #1 ENERGY | 5o Eficiency &

Renewable Energy

. - . - o Ln-wuml.-g-lnm-r’d Projects: [meroors |
LUMINAIRE TESTING LABORATORY, INC, I
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Sample Submittal #1 us s | Energy Efficiency &

|
EN ERGY Renewable Energy

_Cnnl White Results (Ta=25°C)
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_Cnnl White Results (Ta=45°C) | g..
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Sample Submittal #1 ENERGY | 5o Eficiency &

Renewable Energy
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LM-79 Checklist ENERGY | 5o Eficiency &

Renewable Energy

M Report produced by a qualified test lab

BTG
i

LI I P LUMINAIRE TESTING LABORATORY, INC, e
ous Harrdson BMreel - AllesSown, PA sBioy - SLo-FA0-bodd - Fas Dei-wne-luis - s eminaire et ng co

LTL Mumiber: 18085 Divie: 02-23-2010

Eripared or I

Cataiog Kumber

Lumiraire "ol black =namel aluminum heatsink Rousing, Ro enciosurs.

Lamp: Seven while Eﬂimdﬂﬁ:ﬁﬂm Cenier sarions Deiow exch.
LED Power Supply. One
mmnm.ﬂ.?umu‘au
1 ] | 1 | | 1 |

www1.eere.energy.gov/buildings/ssl/test labs.html
(as of 8/4/10)

Laboratories Performing Integrating Sphere Testing for CALIPER
s+ Independent Testing Laboratories Inc. — Boulder, CO
Intertek - Cortland, NY
Luminaire Testing Laboratory Inc. — Allentown, PA
Lighting Sciences Inc. - Scottsdale, AZ
OnSpex/CSA International - Atlanta, GA
Aurora International Testing Laboratory (PDFE 3.0 MB) - Aurora, OH
Orb Optronix Inc. - Kirkland, Wa

Laboratories Performing Goniophotometry Testing for CALIPER
¢ Independent Testing Laboratories Inc. — Boulder, CO

Intertek — Cortland, NY

Luminaire Testing Laboratory Inc. - Allentown, PA

Lighting Sciences Inc. - Scottsdale, AZ

OnSpeX/CSA International - Atlanta, GA

—

10 | Solid-State Lighting Program www.ssl.energy.gov



LM-79 Checklist ENERGY | roorote tnr s

M Data manipulation by supplier appears unlikely
M PDF is preferred
M Test lab letterhead (original)

11 | Solid-State Lighting Program www.ssl.energy.gov



LM-79 Checklist ENERGY | roorote tnr s

[1 Consistent with submitted product and cutsheet®
Catalog number is complete and unique
B No text not clarified by cutsheet

Products won't be identified
during this webinar

* Or meets Product Group/Family criteria

12 | Solid-State Lighting Program www.ssl.energy.gov



LM-79 Checklist ENERGY | roorote tnr s

[1 Consistent with submitted product and cutsheet®
1 Product description
L1 Input current, voltage, and wattage
« 120V x 0.3A x 0.92 = 33W (?!)
* Input current: 0.3A g4 # 0.156A . cured

LUITINEN e, dsL DIALK endainiel aidimnniui negasinis noosi
Energy Data: Lamp: Seven white LEDs with clear plastic optics and fr
Input Power: 18W LED Power Supply: One —
Power Factor: >0.92 Luminaire Efficacy: 41.7 Lumens/Watt
Input Current: 0.3 Amps
Luminaire
Input Input Luminaire Power
Voltage Current Watts Factor
120.0VAC || 0.1561A 18.57TW 0.991
Radiant |Cuminous| Corr.Color | Color Rend.
Flux Flux |Temperaturel Index Ra
mW lumen K
2553.00 | 774.100 3051 81.7

* Or meets Product Group/Famin_cfiteria

www.ssl.energy.gov

13 | Solid-State Lighting Program



U.8. BEPARTMENT DF

ENERGY

Energy Efficiency &
Renewable Energy

LM-79 Checklist

[1 Consistent with submitted product and cutsheet®
1 Product description
L1 Input current, voltage, and wattage

Did the luminaire manufacturer mean
rated drive current = 0.3A (300mA)?

LUITINEN e, dsL DIALK endainiel aidimnniui negasinis noosi
Lamp: Seven white LEDs with clear plastic optics and fr

Energy Data:

Input Power: 18W LED Power Supply: One —
Power Factor: >0.92 Luminaire Efficacy: 41.7 Lumens/Watt
Input Current: 0.3 Amps
Luminaire
Input Input Luminaire Power
Voltage Current Watts Factor
120.0VAC || 0.1561A || 18.57W 0.991
Radiant |Cummnous| Corr.Color | Color Rend.
Flux Flux |Temperaturel Index Ra
mW lumen K
2553.00 | 774.100 3051 81.7 |

* Or meets Product Group/Famin_criteria

14 | Solid-State Lighting Program

www.ssl.energy.gov




LM-79 Checklist ENERGY | Snorgy Efficiency &

Renewable Energy

[1 Consistent with submitted product and cutsheet®
1 Product description
M Number of LEDs

LLITTIIN N E A EEE N T EE S I A EEL |
LED Light Engi Lam[;I Seven white LEDs with clear plastic optics and fr
m Watt white

Equipped wit LED Power Supply: One
LEDs. Factory configurable optics Luminaire Efficacy: 41.7 Lumens/Watt

allow for 3 optical distributions.
High CRI of 85 with excellent color e
consistency of = 50K color Input Input Luminaire Power
temperature.
Voltage Current Watts Factor
120 0VAC | 0.1561A 18 5/W 0.991
Radiant |Luminous| Corr.Color | Color Rend.
Flux Flux |Temperaturel Index Ra
mW lumen K
2553.00 | 774.100 3051 81.7

* Or meets Product Group/Family criteria

15 | Solid-State Lighting Program www.ssl.energy.gov



LM-79 Checklist ENERGY | Snorgy Efficiency &

Renewable Energy

[1 Consistent with submitted product and cutsheet®
1 Product description
M CCT

ccT LUITINEN e, dsL DIALK endainiel aidimnniui negasinis noosi
3032000K Lamp: Seven white LEDs with clear plastic optics and fr
45;17301& LED Power Supply: One —
Luminaire Efficacy: 41.7 Lumens/Watt
Luminaire
Input Input Luminaire Power
Voltage Current Watts Factor
120 0VAC | 0.1561A 18 5/W 0.991
Radiant |Luminous| Corr.Color | Color Rend.
Flux Flux |Temperaturel Index Ra
mW lumen K
2553.00 | 774.100 3051 81.7 |

* Or meets Product Group/Family criteria

16 | Solid-State Lighting Program www.ssl.energy.gov



LM-79 Checklist ENERGY | 5o Eficiency &

Renewable Energy

[1 Consistent with submitted product and cutsheet®
1 Product description
M No thermal management not indicated on cutsheet
M Optical distribution appears to be worst-case
» Optical accessories must be tested or excluded

=Medium Pink Color Filter
=Warm Red Color Filter
=Ultraviolet Filter
=Daylight Blue Color Filter

olor Filters
Glass|Filters 3-3/4" (96mm)

diameter. For use with-
and- Media Holder.

=Medium Blue Color Filter
=Medium Amber Color Filter
=Medium Green Color Filter
=Solite

Luminaire: Cast black ename

minum heatsink housing, no enclosure.
Lamp: Seven white LEDs witl) clear plastic optics and fresnel center sections below each.
LED Power Supply: One

Luminaire Efficacy: 41.7 Lumens/\Watt

* Or meets Product Group/Family criteria

17 | Solid-State Lighting Program

www.ssl.energy.gov



LM-79 Checklist ENERGY | Snorgy Efficiency &

Renewable Energy

M No apparent errors attributable to manual entry
M PF =18.57W / 120V / 0.1561A
M Efficacy = 774 Im / 18.57W

LUITINEN e, dsL DIALK endainiel aidimnniui negasinis noosi
Lamp: Seven white LEDs with clear plastic optics and fr
LED Power Supply_One

Luminaire Efficacy] 41.7 Lumens/Watt

Luminaire
Input Input Luminaire Power
Voltage Current Watts Eactor
120.0VAC | 0.1561A 18.57W 0.991
Radiant |Luminous| Corr.Color | Color Rend.
Flux Flux |Temperaturel Index Ra
mW lumen K
255300 | 774.100 3051 81.7

18 | Solid-State Lighting Program www.ssl.energy.gov



ISTMT Checklist ENERGY | Snorgy Efficiency &

Renewable Energy

L1 Report produced by a qualified

test lab S — =
esSl 1a Paaiest M. |_SOTSTT ] Maquest e (8505008 | Engines
Carlaborg s Tom [ | Prestect OuSine File | uS | Trand File

L1 Data manipulation by supplier o _ _‘

appears unlikely Pl
M PDF is preferred —

Masufacturar Calakcg Wember [0

[Frzazecos] 7

[ Test lab letterhead (original) |- mym e = ==

el Amgs Wie®s  Freg -
[z ]] | ) |

Controt Velatbes Station Mumber [ 12 |

Min Amps  ae. Test Duratios

[ (67 (2 bm

|mwun.—..- Walls i
[ mmaw | [ oise || ez [| & |

Tesil Dusla Duralics | 1502 MHrs

Tesil End Tl St
e [7a0am] [Treom [2as5m ]

Fassos For Ending |5 Manual Ter

EOO0O00000000000000000000000EE A EE B EE B EEEEE &
O000000000000000000000000000000000000000*#

R B EEE EEEEEEEEEEE BEE

Com mestal
Tachsician GOKZALEZ Hpproved s By AT
Acjuates valuss ars FAW sulsen nornallosd In 20 © Ben Trunceiss Printed: TAI000 35330 P
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ISTMT Checklist ENERGY | 5o Eficiency &

Renewable Energy

[1 Consistent with submitted product and cutsheet®
B Catalog number
B No portions not clarified by cutsheet
L1 Product description and photos or diagrams
[1 No thermal management not indicated on cutsheet
L1 Input current, voltage, and power
* Inputs do agree with LM-79

Energy Data:

Input Power: 18W Electrical Data

Power Factor: =0.92 E

Input Current: 0.3 Amps Input: Volts |Amps Watts Frequency i
| 1199 | 0154 || 1182 || 60 ||

* Or meets Product Group/Family criteria

20 | Solid-State Lighting Program www.ssl.energy.gov




LM-80 Checklist b2 Sen s | Enorgy Eficiency &

|
EN ERGY Renewable Energy

B Report produced by a qualified test lab (if applicable)
[1 Consistent with submitted product

L1 Product photos (if available)
D PrOdUCt description _Cool White|Results (Ta=85°C) ] ’.

- A
B CCT _Warm White Results (Ta= 25°C (-D :
1 o Current Ta (OC] Tsp [OC) T] (UC) o
B Drive current
700 mA, 25 50 70
110
CET 100 e ——— e
Siﬂﬂﬂm{ a0
40= a0
E bl
§ (1]
i
Energy Data: 5 " _j:::
# N
Input Power: 18W 1
BEowey Factor: =0.92
Input Current: 0.3 Amps
o
. o 1000 32000 3000 4000 5000 6000 7000 8000 9000 10,000
Drive? 300 mA? — L

21 | Solid-State Lighting Program
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LM-80 Checklist ENEREY | Eroro Emconcy &

Renewable Energy

L1 During long-term operation

[1 Three case temperatures: 55°C, 85°C,
and another selected by manufacturer

[ Tolerance of - 2°C
L1 Ambient within - 5°C of case temperature
L1 Input current £ 3% of rated RMS
L1 During photometric measurements
L1 25°C ambient L -~
L1 Tolerance of £ 2°C w‘ar‘il‘ts'(z—s =
L1 Input current £ 0.5% of rated RMS : :
O Relative humidity < 65% E

0 LO00 2000 3000 4000 5000 K000 7000 BOOO 9,000 10,000
Time (hours)

22 | Solid-State Lighting Program www.ssl.energy.gov



LM-80 Checklist ENERGY | roorote tnr s

L1 Voltage

L1 Input voltage conforms to rated input voltage and
frequency of driver

L1 Ripple < 2% of output voltage (DC only)
L1 THD = 3% of fundamental
[1 Thermocouple
[1 Diagram shows location of attachment point
L1 Complies with ASTM E230 Table 1 “Special Limits”
[1<1.1°C or 0.4%, whichever is greater
[ Time uncertainty of £ 0.5%
L1 Product sampling method and sample size reported
L1 Catastrophic failures reported

23 | Solid-State Lighting Program www.ssl.energy.gov



LM-80 Checklist ENERGY | Eom Enaency &

Renewable Energy

L1 Adequate number and duration of
photometric measurements

@ Minimum 6,000 hours of testing I -
[0 Maximum interval of 1,000 hours 3
1 Chromaticity shift reported

L1 Drive method reported
L1 Forward,,q Itage
[1 Constant current

L1 Same current for long-term operation
and photometric measurements

[1 Same current for each case temperature
» Otherwise can'’t interpolate!

Time (rowrs)

24 | Solid-State Lighting Program www.ssl.energy.gov



Final Punch (DLC QPL) ENERGY | Eeroy Eficiency &

Renewable Energy

&

P Minimum LED ..
Applicati Minimum Zonal Lumen L.\'hm_mu_m '?Al:;ﬁ:b.’,lg (;(;17'? Minimum Lumen &':1'1:;':;
pplication Light Output Requirements uminaire : CRI Maintenance at
Efficacy 2008) 6000hrs' Warranty

5. Track or Mono-

point Directional 250 lm == §5% 0-90° 30 lmiwW
Lighting Fixtures

2700K, 3000K, 3500K,
4000K, 5000K 20 95.8% HiA

LUimniaine. wasl DidGk enaltiel aliminiun [edalsiig noasi

Lamp: Seven white LEDs with clear plastic optics and fr
LED Power Supply: Dne—
Luminaire Efficacy: 41.7 Lumens/\Watt
Luminaire
Input Input Luminaire Power
Voltage Current Watts Factor
120.0VAC | 0.1561A 18.57TW 0.991
Radiant |Luminous| Corr.Color | Color Rend.
Flux Flux Temperature] Index Ra
mW —Jlumen __ K
2553.00 || 774.100 3051 B1.7

25 | Solid-State Lighting Program www.ssl.energy.gov




Final Punch (DLC QPL) ENERGY | Eeroy Eficiency &

Renewable Energy

T

P Minimum LED ..
Applicati Minimum Zonal Lumen L.\'hm_mu_m '?Al:;ﬁ:b.’,lg (;(;17'? Minimum Lumen &':1'1:;':;
pplication Light Output Requirements uminaire : CRI Maintenance at
Efficacy 2008) 6000hrs' Warranty

5. Track or Mono-
. . . 2700K, 3000, 3500K,
point Directional 250 lm == §5% 0-90° 30 lmiwW 4000K, 5000K 50 95.8% A

Lighting Fixtures

Laminan e, wast DIdlk enaiiel aiamniui neasinig nouasn
Lamp: Seven white LEDs with clear plastic optics and fr

LED FPower Supply: One
Luminaire Efficacy: 41.7 Lumens/Watt

Luminaire
Input Input Luminaire Power
Voltage Current Watts Factor
120.0VAC | 0.1561A 18.57TW 0.991
Radiant |Luminous| Corr.Color | Color Rend.
Flux Flux Temperature] Index Ra
mW lumen K
2553.00 | 774.100 3051 B1.7

* No spatial/gonio data submitted

26 | Solid-State Lighting Program www.ssl.energy.gov



Final Punch (DLC QPL) ERNERGY | Eroy Endency s

EN ERGY Renewable Energy

&

s Minimum LED ..
Application Minimum Zonal Lumen Lominaire ?A:I;Ta::bvlg So7. | Minimum Lumen Lminsire
PP Light Qutput Requirements - : CRI Maintenance at
Efficacy 2008) 6000hrs' Warranty
5. Track or Mono-
. . . 2700K, 30008, 3500K
- i o ¥ ] "
p_mntl D1re:::tmnal 250 Im == §5% 0-90 30 lmiwW 4000K, 5000K 50 95.8% HiA
Lighting Fixtures

Laminan e, wast DIdlk enaiiel aiamniui neasinig nouasn
Lamp: Seven white LEDs with clear plastic optics and fr

Luminaire
Input Input Luminaire Power
Voltage Current Watts Factor
120.0VAC | 0.1561A 18.57TW 0.991
Radiant |Luminous| Corr.Color | Color Rend.
Flux Flux Temperature] Index Ra
mW lumen K
2553.00 | 774.100 3051 B1.7

27 | Solid-State Lighting Program
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Final Punch (DLC QPL) ENERGY | Eeroy Eficiency &

Renewable Energy

&

s Minimum LED ..
Application Minimum Zonal Lumen Lominaire ?A:I;Ta::bvlg So7. | Minimum Lumen Lminsire
PP Light Qutput Requirements - : CRI Maintenance at
Efficacy 2008) 6000hrs' Warranty
5. Track or Mono-
. . . 2700K, 30008, 3500K
- i o ¥ ] "
p_mntl D1re:::tmnal 250 Im == §5% 0-90 30 lmiwW 4000K, 5000K 50 95.8% HiA
Lighting Fixtures

Laminan e, wast DIdlk enaiiel aiamniui neasinig nouasn
Lamp: Seven white LEDs with clear plastic optics and fr

LED FPower Supply: One
Luminaire Efficacy: 41.7 Lumens/Watt

Luminaire
Input Input Luminaire Power
Voltage Current Watts Factor
120.0VAC | 0.1561A 18.57TW 0.991
Radiant |Luminous| Corr.Color | Color Rend.
Flux Flux Temperature] Index Ra
mW lumen K
2553.00 | 774.100 3051 B1.7

Target CCT and
tolerance (K)

2700 K 2725 = 145 0.000 t 0.006
3000 K 3045 = 175 0.000 t 0.006

Nominal CCT" Target Duv and tolerance
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Final Punch (DLC QPL) ENERGY | Eeroy Eficiency &

Renewable Energy

&

P Minimum LED ..
Applicati Minimum Zonal Lumen L.\'hm_mu_m '?Al:;ﬁ:b.’,lg (;(;17'? Minimum Lumen &':1'1:;':;
pplication Light Output Requirements uminaire : CRI Maintenance at
Efficacy 2008) 6000hrs' Warranty

5. Track or Mono-

point Directional 250 lm == §5% 0-90° 30 lmiwW
Lighting Fixtures

2700K, 3000K, 3500K,
4000K, 5000K 20 95.8% HiA

Laminan e, wast DIdlk enaiiel aiamniui neasinig nouasn
Lamp: Seven white LEDs with clear plastic optics and fr

LED FPower Supply: One
Luminaire Efficacy: 41.7 Lumens/Watt

Luminaire
Input Input Luminaire Power
Voltage Current Watts Factor
120.0VAC | 0.1561A 18.57TW 0.991
Radiant |Luminous| Corr.Color | Color Rend.
Flux Flux Temperature] Index Ra
mW lumen K
2553.00 | 774.100 3051 81.7
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Final Punch (DLC QPL) ENERGY | Eeroy Eficiency &

Renewable Energy

T

s Minimum LED ..
Application Minimum Zonal Lumen Lominaire ?A:I;Ta::bvlg So7. | Minimum Lumen Lminsire
PP Light Qutput Requirements - : CRI Maintenance at
Efficacy 2008) 6000hrs' Warranty
5. Track or Mono-
. . . ’ 2700K, 30008, 3500K
- i o ¥ ] "
p_mntl D1re:::tmnal 250 Im == §5% 0-90 30 lmiwW 4000K, 5000K 50 95.8% HiA
Lighting Fixtures

L1 Drive current
L I—M'79reported = ISTMT reported = LM-80 measured

[1 TMP| gp (measured)
B |STMT < LM-80

max _— - —
I V21 m White Results (Ta=25°C){{(g]]
T *_- "0 | 0 | 10
T 350 mA 25 “ 51
700 mA 25 50 70
Description RAW Adj. 3Hr Up Td St -
1 [DRIVER CASE 487 | 49 [ 0 [ 0 [] .
§ ™
2 |LED BOARD so9 || s1 [Jo | o [] ic o
3 |POINT OF CONTACT 83 | 28 |0 | 0 [] . -
4 |TRACK ADAPTOR TOP 300 | 30 [0 [ o []
| — — “IF — — v — — F‘ '_l o 1000 1000 3000 ‘mm:.:‘.‘:m 7000 BOOO  S000 10000
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Sample Submittal #2 ENERGY | 5o Eficiency &

Renewable Energy

s
I - Light Measurement Data
o ilusninarees Thas i) vty D it o Dourw { o )
G e S iskniing it —
e
Mafurs Weight < ba[axwcoet waicn) ?.—p.
= 5 ches o T P [237 5 O0) p | I T (g =
Pzsdsion for cxsustrrent cf - in 257 | I Pl P ey e e e | 1=
T R R e e e e - =
- I A
VEofon Besfonce A C13A3] '.Pl'mi'ﬁ.{ e il S e L | = | =
D ricd g i te ) ——
v =
Opanding \bhagar  Shondiare: 100-277Y [+ 1062 ! & | e r
Opfional - 347-S80 rorminel [+1 -3 = | = / -
L
Tzl Syatam S Clssing Infic bl I = o v
P . e rogion I | | ;
Opanaing Tame: -ATC I TC AT fo 18T
— 0 Uy
MR sy aman® | OO0 W AT Gbpeed B Sacfien 18, ciom & o Pt o e
[T - devics BF immunity 104, B0MH G L i S o Py Pt 1 R I
FondnfPoRdionr 8 O3 BV C oo Dies ol o one o
e R S IESHA, AP -2-00 Coanplisn
-]
] [ e _ - Light Measurement Data
Comermcre h e o Mofeigt
o ilusninarees Thas i) vt 3y (D drilbot o Do | o )
A rese chiwr don i MITSEy igning [T e b churmiream feasing sdh ] S o T = o
“om mm el o s o i g res e s, Bl i seis wtees L A i, Liicy e, PG ey TS s 6 Mskcandng Hegr — Harlasrial
gy el ey o sic by ore b oming Inc scengly mpoien Falyeatnnaisbainm oo povicos fod e | -
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[Etttr i ok CRn o T s | o
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- [Ethtr AT TS CROn o ICRST [ A —
R T L L L [ T . T pra—"
o arm . O et O % Ty B Dk Cormpion Fll cubof folis, am
Cr Low prsss comunmgtion [ttt s e o) ISR
O ireford ok rempcres IESHA RIP-2-00 Cosnplisnt
i Ly P
Pz s s . et wiEredin
Ce 7O rmen e over & 00 opercing hom
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LM-79 Checklist

U.8. BEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy

M Report produced by a qualified test lab

Intertek

3933 US ROUTE 11

Project No. G100075813

REPORT

CORTLAND, NEW YORK 13045

Date: April 22, 2010

www1.eere.energy.gov/buildings/ssl/test labs.html

Laboratories Performing Integrating Sphere Testing for CALIPER
s+ Independent Testing Laboratories Inc. — Boulder, CO

—

Intertek - Cortland, NY
Luminaire Testing Laboratory Inc. — Allentown, PA

Lighting Sciences Inc. - Scottsdale, AZ
OnSpex/CSA International - Atlanta, GA
Aurora International Testing Laboratory (PDFE 3.0 MB) - Aurora, OH
Orb Optronix Inc. - Kirkland, Wa

Laboratories Performing Goniophotometry Testing for CALIPER
¢ Independent Testing Laboratories Inc. — Boulder, CO

—

Intertek — Cortland, NY
Luminaire Testing Laboratory Inc. - Allentown, PA

Lighting Sciences Inc. - Scottsdale, AZ
OnSpeX/CSA International - Atlanta, GA

(as of 8/4/10)

www.ssl.energy.gov
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LM-79 Checklist ENERGY | roorote tnr s

M Data manipulation by supplier appears unlikely
M PDF is preferred
M Test lab letterhead (original)
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LM-79 Checklist ENERGY | roorote tnr s

[1 Consistent with submitted product and cutsheet®
Catalog number is complete and unique
B No text not clarified by cutsheet

Products won't be identified
during this webinar

* Or meets Product Group/Family criteria
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LM-79 Checklist ENERGY | 5o Eficiency &

Renewable Energy

[1 Consistent with submitted product and cutsheet®
1 Product description
M Input current, voltage, and wattage

LED Drive Total System
c  (MA) P Consumption (W) Initial Fixture Lumens
315 131 6581
315 &5 3489
Power Factor: =0.95
Photometric and Electrical Measurements — Distribution Method
Absolute Lumen
Luminous Efficacy
Intertek Base Input Voltage Input Current Input Power Input Power Flux (Lumens Per
Sample No. Orientation (vVac) (mA) (Watts) Factor (Lumens) Watt)
|
[ ] Up 120.0 5523 6567 0.9895 3489 53.13

* Or meets Product Group/Family criteria
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LM-79 Checklist ENERGY | roorote tnr s

[1 Consistent with submitted product and cutsheet®
1 Product description
[1 Number of LEDs

* Or meets Product Group/Family criteria
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LM-79 Checklist ENERGY | Snorgy Efficiency &

Renewable Energy

[1 Consistent with submitted product and cutsheet®
1 Product description
M CCT

ion:

Criteria Result
Total Lumen Qutput 34888
CRI (typ): 70 Total Power 65.6TW
CCT (typ): 6000K [$00l white) Luminaire Efficacy 53.13
[Cther color optfions availoble on requast) PDwer_ Factor 0.9895
Color Rendering Index (CRI) F=a
Opics: [ES Type Il: Dark sky Compliant Full cutoft fidure, | | COTeiaied Color Temperature (CCT) S
(Cther Types available on request) romal!c!ty oor I.nate (x) :
Chromaticity Coordinate (y) 0.3389
Chromaticity Coordinate (u’) 02023
Chromaticity Coordinate (v') 04753
Backlight Rating: BA1
Uplight Rating: uo
Glare Rating: G0
Maximum In-Situ Temperature 37.81T

* Or meets Product Group/Family criteria
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LM-79 Checklist ENERGY | roorote tnr s

[1 Consistent with submitted product and cutsheet®

1 Product description
[1 No thermal management not indicated on cutsheet

M Optical distribution appears to be worst-case

ion:

CRI (iyp): 70

CCT (typ): &000K [cool white)
[Cther color optfions availoble on requast)

Opfics: IES Type I; Dark sky Compliant Full cut-off fixture.
(Cther Types available on request)

* Or meets Product Group/Family criteria

38 | Solid-State Lighting Program www.ssl.energy.gov



LM-79 Checklist ENERGY | 5o Eficiency &

Renewable Energy

M No apparent errors attributable to manual entry
M PF = 65.67W / 120V / 0.5523A
M Efficacy = 3489 Im / 65.67W

Photometric and Electrical Measurements — Distribution Method
Absolute Lumen
Luminous Efficacy
Intertek Base Input Voltage Input Current Input Power Input Power Flux (Lumens Per
Sample No.  Orientation (vac) (mA) (Watts) Factor (Lumens) Watt)
I
e upP 1200 5523 65.67 0.9895] 3489 53.13
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ISTMT Checklist ENERGY | Snorgy Efficiency &

Renewable Energy

M Report produced by a qualified test lab
M Data manipulation by supplier appears unlikely

M PDF is preferred
M Test lab letterhead (original)

Organizations Currently Recognized by OSHA as NRTLs

Canadian Standards Association (CSA)

(also known as CSA International) (aS Of 8/6/1 O)
Communication Certification Laboratory, Inc. (CCL)
Curtis-Straus LLC (C5L)

FM Approvals LLC (FM)

[formerly Factory Mutual Research Corporation)

Intertek|Testing Services MA, Inc. (ITSHA)

TYormmerly ETL)

MET Laboratories, Inc. (MET)

NSF International (NSF) Intertek
Mational Technical Systems, Inc. (NTS)

5G5S U.S. Testing Company, Inc. (SGSUS)
(formerly UST-CA) RESULTS OF TESTS (cont'd)
Southwest Research Institute (SWRI)

TUV 50D America, Inc. (TUVAM)

TUV 50D Product Services GmbH (TUVPSE)
TUV Rheinland of North America, Inc. ([TUV)
Underwriters Laboratories Inc. (UL

Wiyle | aboratories, Inc. (VL)

In-Situ Maximum Measured Power Supply Case and LED Source Point Temperature
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ISTMT Checklist ENERGY | roorote tnr s

[1 Consistent with submitted product and cutsheet®
B Catalog number
B No portions not clarified by cutsheet
L1 Product description and photos or diagrams
[1 No thermal management not indicated on cutsheet
M Input current, voltage, and power
 Combined with LM
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LM-80 Checklist ENERGY | oo Efficiency &

Renewable Energy

B Report produced by a qualified test lab (if applicable)
[1 Consistent with submitted product
L1 Product photos (if available)
M Product description
M Drive current

LED Drive Total System
Cument (mA) Power Consumpfion (W) ol Fodure Lumens
115 131 6581
315 65 3489

The thermal characterization results are summarized 1n the table below. In all
cases, Tg and Ta meet or exceed the IES LM-B0-08 limits (1.e. Tg = 35°C or 85°C,
and that Ty = Ts—5°C).

A[Ta-Ts] Belative
Test e Ts Ta Humuidity
55°C 350mA 60°C 64°C 4o 18%
85°C 350mA 85°C M°C —1°C T%
55°C TOUTIL 69°C 73°C +4=C 18%
85°C 700mA 02°C 8§7°C —5°C T%
55°C 1000mA 71°C 80°C +0°C 18%
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LM-80 Checklist ENERGY | roorote tnr s

B Report produced by a qualified test lab (if applicable)
[1 Consistent with submitted product

L1 Product photos (if available)

M Product description

M CCT
* Not clearly indicated in LM-80 report

ion:

CRI (iyp): 70

CCT (typ): &000K [¢ool white)
(Other color options avallable on request]

Optics: IES Type |I; Dark sky Compliant Full cut-off fixture.
[Cther Types available on request)

Subject: LM-80 Test Report Date: April 6, 2009
Rev: A

Cool-White | o < [ technology
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LM-80 Checklist ENERGY

Energy Efficiency &
Renewable Energy

L1 During long-term operation

[1 Three case temperatures: 55°C, 85°C, and another
selected by manufacturer

B Tolerance of - 2°C
» More conservative using “=" ?...
M Ambient within - 5°C of case temperature
L1 Input current £ 3% of rated RMS

The thermal characterization results are summarized 1n the table below. In all
cases, Tg and Ta meet or exceed the IES LM-B0-08 limits (1.e. Tg = 35°C or 85°C,
and that Ty = Ts—5°C).

A[Ta-Ts] Belative
Test I Ts Ta Humuidity
55°C 350mA 60°C 64°C +42C 18%
85°C 350mA 85°C 84°C -1°C 7%
35°C TO0mA oo EN® +4=C 18%
85°C T00mA 02°C 8§7°C —5°C 7%
55°C 1000mA 71°C 80°C 0 18%;
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LM-80 Checklist ENERGY

Energy Efficiency &
Renewable Energy

L1 During photometric measurements
[125°C ambient
[] Tolerance of = 2°C
L1 Input current £ 0.5% of rated RMS
M Relative humidity < 65%

The thermal characterization results are summarized 1n the table below. In all

cases, Tg and Ta meet or exceed the IES LM-B0-08 limits (1.e. Tg = 35°C or 85°C,

and that Ty =2 Tg —5°C).

A[Ta-Ts] Relative

Test I Ts Ta Humuidity
55°C 350mA 60°C 64°C 4o 18%
85°C 350mA 85°C M°C —1°C T%
55°C 700mA 69°C EN +4=C 5%
85°C 700mA 02°C 8§7°C —5°C T%
55°C 1000mA 71°C 80°C +0°C 18%
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LM-80 Checklist ENERGY | roorote tnr s

L1 Voltage

L1 Input voltage conforms to rated input voltage and
frequency of driver

L1 Ripple < 2% of output voltage (DC only)
L1 THD = 3% of fundamental
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LM-80 Checklist 2 ey | Energy Effciency &

Renewable Energy

[1 Thermocouple
B Diagram shows location of attachment point
L1 Complies with ASTM E230 Table 1 “Special Limits”
[1<1.1°C or 0.4%, whichever is greater
[ Time uncertainty of £ 0.5%
[1 Product sampling method and sample size reported
[1 Catastrophic failures reported

10. Observation of LED light source failures including the failure conditions and
time of failure

Individual LED failures did occur in some data sets. which are not included in the
attached tables. Failures may have been caused by manual handling during the
data collection process. Root cause investigations are ongoing.
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LM-80 Checklist

U.8. BEPARTMENT DF

ENERGY

Energy Efficiency &
Renewable Energy

M Adequate number and duration of

photometric measurements
M Minimum 6,000 hours of testing
M Maximum interval of 1,000 hours
M Chromaticity shift reported

DATA SET 1 STRESS: 55C, 0.35A
Ts=60C
T,=64C
RH=18%

B3.765

63.247 63205 64.030 £4.528 G4 257 63749 63.753

B3.745

62567 63.271

63.352

62.708

62936 62978 53.842 64.038 53.901 63432 63851 54,119 64.085 62.828 63.821 63799 63.252
DATA SET1 STRESS: 55C, 0.35A
T =60C
T,=64C
RH = 18%
Delta u* v
1] 24 168 500 1000 2000 3000 4000 5000 G000 T000 8000 9000
£.0000 20002 £.0001 0.0003 0.000 00022 0,001 00019 006 o001y 00015 00015 00010
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LM-80 Checklist ENERGY | roorote tnr s

. DATASET1 STRESS: 55C, 0.35A
[1 Drive method reported T - S0
M Forward voltage - e
M Constant current o al w o o aw

L1 Same current for long-term operation
and photometric measurements

M Same current for each case temperature
» Otherwise can'’t interpolate!

4. Operating cvcle

_LEDs are driven with II constant dc current

A[Ty—Ts] Relative
Test I Ts Ta Humuidity
55°C 350mA 60°C 64 C +4C 18%
85°C 350mA 85°C M°C —1°C T%
55°C TOUTIL 69°C 73°C +4=C 18%
85°C 700mA 02°C 8§7°C —5°C T%
55°C 1000mA 71°C 80°C +0°C 18%
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Final Punch (DLC QPL) ENERGY | Eeroy Eficiency &

Renewable Energy

&

Applicati Minimum Zonal Lumen Minilmulm Allowable CCTs Minimum HmmlgnLE[l Hini_mu_m
pplication Light Output Requirements Luml1na1re (ANSI CT8,377- CRI Maintenance at Luminaire
Efficacy 2008) 6000hrs' Warranty
1. Qutdoor
E?L?:;TRT:;E?::: 1,0001m  |=100%0-90% <10% 80-90° 5o oy <6500K 50 o5 g5 /A
Luminaires
Criteria e
Total Lumen Output 34888
Total Power o
Luminaire Efficacy 5313
Power Factor 0.9895
Color Rendering Index (CRI) 73.0
Correlated Color Temperature (CCT) H855K
Chromaticity Coordinate (x) 0.3246
Chromaticity Coordinate (y) 0.3389
Chromaticity Coordinate (u’) 0.2023
Chromaticity Coordinate (v') 04753
Backlight Rating: B1
Uplight Rating: uo
Glare Rating: G0
Maximum In-Situ Temperature ar.8T
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Final Punch (DLC QPL) ENERGY | rencwatio Eneray

&

. . Minimum LED s
_— Minimum Zonal Lumen M1mlmulm Allowable CCTs Minimum Lumen Hlm_mu_m
Application Light Output Requirements Luminaire| (ANSI CT8,377- CRI Maintenance at Luminaire
s Efficacy 2008) 6000hrs' Warranty
1. Qutdoor
Pole/Arm-Mounted =100% 0-20°, <10 % 80-90° ]
Area and Roadway 1,000 Im 50 lm /W <6500K 50 95.8% HiA
I:uminaires
Zonal Lumens and Percentages at 25T
Zaone Lumens % Luminaire
0-10 90.0 26
10-20 2854 8.2
20-30 4552 13.0
30-40 o584 .6 16.8
40-50 7003 201
S50-60 T42.3 213
60-70 480.2 13.8
70-80 143.6 41
80-90 T3 0.2

* 100.1% from 0° to 90°
o0 Rounding error (negligible)
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Final Punch (DLC QPL) ENERGY | Eeroy Eficiency &

Renewable Energy

&

Applicati Minimum Zonal Lumen Minilmulm Allowable CCTs Minimum HmmlgnLE[l Hini_mu_m
pplication Light Output Requirements Luml1na1re (ANSI CT8,377- CRI Maintenance at Luminaire
Efficacy 2008) 6000hrs' Warranty
1. Qutdoor
E?L?:;TRT:;E?::: 1,0001m  |=100%0-90% <10% 80-90° 5o oy <6500K 50 o5 g5 /A
Luminaires
Criteria Result
Total Lumen Output 34888
Total Power P
Luminaire Efficacy 53.13 |
Power Factor 0.9895
Color Rendering Index (CRI) 73.0
Correlated Color Temperature (CCT) H855K
Chromaticity Coordinate (x) 0.3246
Chromaticity Coordinate (y) 0.3389
Chromaticity Coordinate (u’) 0.2023
Chromaticity Coordinate (v') 04753
Backlight Rating: B1
Uplight Rating: uo
Glare Rating: G0
Maximum In-Situ Temperature ar.8T
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Final Punch (DLC QPL) ENERGY | Eeroy Eficiency &

Renewable Energy

&

Applicati Minimum Zonal Lumen Minilmulm Allowable CCTs Minimum HmmlgnLE[l Hini_mu_m
pplication Light Output Requirements Luml1na1re (ANSI CT8,377- CRI Maintenance at Luminaire
Efficacy 2008) 6000hrs' Warranty
1. Qutdoor
E?L?:;TRT:;E?::: 1,0001m  |=100%0-90% <10% 80-90° 5o oy <6500K 50 o5 g5 /A
Luminaires
Criteria Result
Total Lumen Output 34888
Total Power 65.67W
Luminaire Efficacy 5313
Power Factor 0.9895
Color Rendering Index (CRI) =
Correlated Color Temperature (CCT) H855K
Chromaticity Coordinate (x) 0.3246
Chromaticity Coordinate (y) 0.3389
Chromaticity Coordinate (u’) 0.2023
Chromaticity Coordinate (v') 04753
Backlight Rating: B1
Uplight Rating: uo
Glare Rating: G0
Maximum In-Situ Temperature ar.8T
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Final Punch (DLC QPL) ENERGY | Eeroy Eficiency &

Renewable Energy

&

Applicati Minimum Zonal Lumen Minilmulm Allowable CCTs Minimum HmmlgnLE[l Hini_mu_m
pplication Light Output Requirements Luml1na1re (ANSI CT8,377- CRI Maintenance at Luminaire
Efficacy 2008) 6000hrs' Warranty
1. Qutdoor
E?L?:;TRT:;E?::: 1,0001m  |=100%0-90% <10% 80-90° 5o oy <6500K 50 o5 g5 /A
Luminaires
Criteria Result
Total Lumen Output 34888
Total Power 65.67W
Luminaire Efficacy 5313
Power Factor ﬁ
Color Rendering Index (CRI) 73.0
Correlated Color Temperature (CCT) HEh5K
Chromaticity Coordinate (x) 0.3246
Chromaticity Coordinate (y) 0.3389
Chromaticity Coordinate (u’) 0.2023
Chromaticity Coordinate (v') 04753
Backlight Rating: B1
Uplight Rating: uo
Glare Rating: G0
Maximum In-Situ Temperature ar.8T
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Final Punch (DLC QPL) ENERGY | Eeroy Eficiency &

Renewable Energy

. . Minimum LED s
_— Minimum Zonal Lumen M1mlmulm Allowable CCTs Minimum Lumen Hlm_mu_m
Application . . Luminaire| (ANSI CT8,377- . Luminaire
Light Qutput Requirements : CRI Maintenance at
Efficacy 2008) 6000hrs' Warranty
1. Qutdoor
Pole/Arm-Mounted =100% 0-20°, <10 % 80-90° ]
Area and Roadway 1,000 Im 50 lm /W <6500K 50 95.8% HiA
Luminaires

M Drive current

M I—M'79reported = ISTMT reported = LM-80 measured
[1 TMP| gp (measured)

O ISTMT < | M-80 max

[ED Drive Total System
Cument (mA) Power Consumption (W) ol Fodure Lumens
115 131 6581
375 55 3489
A [Tp1 — Ts] R.Elaﬁ‘i."f!
Test I Ts Ts Hunudity
55°C 350mA 60°C 64°C =C 18%
85°C 350mA 85°C 84°C 1°C 7%
S5°C TR L% (o FEN - + 4= 18%;
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Final Punch (DLC QPL) ERNERGY | Eroy Endency s

EN ERGY Renewable Energy

. . Minimum LED s
_— Minimum Zonal Lumen M1mlmulm Allowable CCTs Minimum Lumen Hlm_mu_m
Application . . Luminaire| (ANSI CT8,377- . Luminaire
Light Qutput Requirements : CRI Maintenance at
Efficacy 2008) 6000hrs' Warranty
1. Qutdoor
Pole/Arm-Mounted =100% 0-20°, <10 % 80-90° ]
Area and Roadway 1,000 Im 50 lm /W <6500K 50 95.8% HiA
Luminaires

M Drive current

M I—M'79reported = ISTMT reported = LM-80 measured
M TMP| ¢, (measured)

M ISTMT < L M-80 max

Maximum Measured Manufacturer Designated Source Temperature

Maximum Rated
Maximum

Source
Sample Measured Source Temperature
No. Model Temperature (C9 Location (CY
Thermal pad in on
_ 37.8 LED central to array 137
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Final Punch (DLC QPL)

U.8. BEPARTMENT DF

ENERGY

Energy Efficiency &
Renewable Energy

* Resubmitted with chart approx per NEEP requirements
0 No interpolation necessary (Scenario 2)

11
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Final Punch (DLC QPL) ERERGY | 5o Efceny &

EN ERGY Renewable Energy

& & @ @ o ©

. . Minirmum LED s
N Minimum Zonal Lumen M1mlmulm Allowable CCTs Minimum Lumen Hlm_mu_m
Application Lieht Output Requirements Luminaire| (ANSI CT8,377- CRI Maintenance at Luminaire
s P =4 Efficacy 2008) 6000hrs' Warranty
1. OQOutdoor
Pole/Arm-Mounted =100% 0-20°, <10 % 80-90° ]
Area and Roadway 1,000 Im 50 lm /W <6500K 50 95.8% HiA
Luminaires

* Notes regarding problems common among submittals
o0 Did not strictly adhere to LM-80
= T, location not indicated in long-term report
= T, tolerance not per LM-80
= Numerous long-term test conditions unclear
o In situ LED drive current is rated, not measured

o Make/model of LED package/module is not
iIndependently verified
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Another Example

U.8. BEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy

* Long-term ambient
temperature = 25°C?

0 Or just during
photometric testing?

59 | Solid-State Lighting Program

[ JRYEN Report December 15,2009
1. Mumber of LED sources
25pes per test.

2. Descnphion of LED sources
Singlea LED package contaming wire bonded In(zal die covered m phosphor and attached to MCPCH

The ﬁ s ﬁljedm the ﬁn]]unini%.

3. Deseripion of Awdllary Equpment.
LED+5n-Ag-Cu Solder + Substrate for Testing

4 Operating Cyels

5. Ambient Condifions
25°C, 30% relatrve hummdity, stagnant air.

6. Case Temperature (Tc)
Tahla-1 LM-20 Test condidon

R E T
B Ralatve
Tc {deg ) |Drive coment{m A ) o |Lemea
(deg ©) bumidity |,
85 20 B 06.9%
53 20 1™ | P8.6%
25 20 28% 00_5%
7. Dmve Cuvent
20 mA.

5. Inmiial Lununous fiux and forward veltage
Typ 6.4km Typ 3.2V.

9. Lumen Maintenance DATA
Refer to Table-2, Table-4and Chart-1-1,1-2.1-3 .

Tabla-2 LM list

Tc {deg C)| Chan
83 -
33 I-I
25 1-3

10, Ubservation of LELY Laght Souwrce falures
Mo crack or abnormahty was observed.

L1, LELY heht source momtonng mterval
1000H.
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Thank youl! ENERGY | o Eficioncy &

Renewable Energy

Questions?
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